The paper traces the development of user-based research in the Department of Information Studies at the University of Sheffield over the past 40 years, and highlights and assesses the different research questions addressed and main characteristics of projects undertaken. Four phases of userbased studies relating to information seeking and retrieval are identified including: preliminary studies on library users; empirical studies on information user groups by the Centre for research on User Studies; the development of a theoretical framework for user studies; and the integration of information seeking and retrieval research. The review concludes that user-based studies have evolved linking together studies on information use and provision, information seeking behaviour and the design and evaluation of actual retrieval systems. The unifying element has been the emphasis placed on methodological issues. More recent work is transcending user-orientated and system perspectives giving way to a more integrated approach and emergent interaction paradigm for user studies.
Introduction
User studies have constituted a core area of research in library and information studies as manifested by the reviews in the Annual Review of Information Science and Technology which have appeared at regular intervals over the past four decades. Although the importance of taking account of users of information and information services either directly or indirectly has long been recognized, how to do so and how to evaluate the impact of such studies remain problematic.
The aim of this paper is to trace the development of user-based research in the Department of Information Studies at the University of Sheffield over the past 40 years. This longitudinal review seeks to highlight and assess the different research questions addressed and the main characteristics of the projects undertaken over that period of time. Four phases of research have been identified and are discussed in the following sections.
In the first phase, small-scale studies were primarily concerned with users of libraries. The second phase encompassed the work of the Centre for Research on User Studies, which addressed methodological issues and the need to focus on information needs and information seeking more generally. This period was followed by a third phase which concentrated on building a theoretical framework of models of information behaviour to guide empirical studies. The fourth current phase of research is characterized by a more integrated approach to information seeking and retrieval research. established in 1963. From the outset Masters student dissertations explored different aspects of user information-seeking behaviour principally in the context of libraries. Studies in the first decade or so covered a wide range of topics including the use of stock, catalogue and online resources in both academic and public libraries, as well as the communication patterns, information needs and information-seeking behaviour of specific library user groups [1] (e.g. scientists, economists, ethnic groups, children). In addition to these small-scale investigations, two major projects were undertaken during this early period: one on the role of foreign language materials in academic research activity [2] , and another on local library cooperation issues [3] . Although the research questions being addressed related to the performance and effectiveness of library services, the approach included a substantial user component. These studies broke new ground in terms of the scale and combination of data collection methods used and in-depth analysis of the data derived from reliable samples of users.
User studies generally dominated library and information studies research throughout the 1960s and 1970s, but their usefulness was repeatedly challenged because the results were deemed to be neither comparable nor applicable. This was largely due to the lack of standard research methods used [4] . However, the initial larger-scale and more in-depth investigations undertaken at Sheffield were to lead the way in the development of more systematic methods for consulting users and indeed did inform on ways of improving the information services under study.
Second phase: empirical studies on information user groups 1976-1988
The need to develop more robust methods, in order to provide results that were more directly applicable to professional practice, was one of the factors which led to the establishment of the Centre for Research on User Studies at Sheffield (CRUS) in 1975. However it aimed to achieve more than that, and the direction that the research on user studies was to take was expressed as follows:
We need to know more about the context in which information needs arise: this may involve studies of attitudes, temperament and total life situations so that information-seeking behaviour may be better understood . . . Perhaps the first goal of research in this field should be to achieve convincing demonstrations of the necessity [5] .
Thus there appears to be in this second phase of user studies the recognition of the inherent value of systematically studying users of libraries and information as an independent primary focus in a broader context than the immediate library use or service.
Between 1976 and 1988, CRUS was to play a leading role as a national research centre funded by British Library Research and Development Department (BLR&DD) in the development of user studies research. Firstly, CRUS conducted a series of large-scale empirical projects, which explored the information needs and information-seeking behaviour of a wide range of different information user groups from an informationrather than a library-based perspective. This included subject domains such as the humanities [6, 7] , primary education [8, 9] , as well as community [10, 11] , medical [12] and business information services [13, 14] . Secondly, the projects adopted a combination of primary quantitative and qualitative data collection methods ranging from postal questionnaires, semistructured interviews and direct observation to the analysis of complementary secondary sources such as reference enquiries, inter-library loan records and demographic data.
These investigations produced valuable outcomes such as Stone's seminal paper on the characteristics of information seeking of humanities scholars [7] and Beal's standard work on community profiling [10] . Perhaps the most noteworthy comprehensive user study to be conducted during this period was Project INISS [15] . This was a five-year multi-phased piece of action research, which aimed to establish guidelines for the development of effective information services for social services department in local authorities. Such an in-depth analysis of information problems and information-seeking behaviour within an organizational setting, which led to a number of practical outcomes for service improvements, has not been undertaken as far as we know anywhere else since.
Main contributions of CRUS
Generalization of findings. The studies undertaken by CRUS came some way towards addressing the recurring criticism of user studies in terms of the lack of generalizability and applicability of results. Findings demonstrated that information seekers in different organizational or work contexts were dependent on both informal and formal channels of information sources and in some cases could operate entirely outside the realm of libraries and information professionals. Whilst different groups such as humanities scholars were very dependent on libraries to support their information needs, others such as social workers were not. The low level of information skills encountered was another recurrent issue. The coverage of academic, public and commercial exemplars thus provided a rich body of evidence to allow for some level of comparisons between different individual and group information behaviour. The emergence of these general findings, by focussing on information needs and seeking behaviour, thus firmly established the validity of studying information seekers and users in their own right.
It is also worth noting that some of the research in the different information sectors undertaken during this period laid the foundation for the Department's future research agenda and are continuing to play an important part in current activities: for example, the work on educational informatics, information literacy, reading, public library management, community information and health information.
Applicability of user studies. In gaining a better understanding of these complex behaviours and the various contributory factors, the challenge for the information researcher or practitioner was then to determine how to address or accommodate these different approaches or situations. In some instances it was possible to move from the problem analysis to actual solutions as in the INISS project [15] , whereby information resources would be provided within the immediate workplace and not from a centralized library service. In other instances, such as the study of business information interests of metal production firms, which identified barriers to information access, findings led to further research on acquisition procedures and use of public sector business libraries [13] . By contrast other investigations, such as for example the survey of humanities scholars [7] , were not intended to lead to solutions as such, but rather to provide useful insights into less tangible issues about information needs and informationseeking behaviour which might require longer-term monitoring. It can be argued that the applicability of research does depend on different factors including the research questions being addressed, as well as the different internal and external barriers or priorities within an organizational setting for the implementation of recommendations. The assumption or expectation that user studies must be applicable to professional practice was probably too simplistic and somewhat ill-founded. One of the major contributions of CRUS was that it initiated a different research agenda for user studies which began to differentiate between user studies that would constitute fundamental basic research in information science and those which could be defined as more practicebased applied research. What is still little understood and remains open to debate is the relationship or dependency between the two.
Methodological developments. In addition to the significance of its findings on user studies, CRUS also effectively addressed the methodological issues regarding the robustness of data collection methods by drawing on sound research practice from the social sciences. In addition to applying appropriate sampling techniques for quantitative surveys, there was a strong emphasis on the development of instruments for the collection and analysis of qualitative data through semi-interviews and direct observation methods. As well as the innovative techniques developed for eliciting information from users, other sources of data were also analysed to corroborate primary evidence. CRUS was instrumental in improving the general standard of user studies research not only through its own work but also through its seminars and publication guides on research methodology.
Third phase: developing a theoretical framework for user studies, 1989-1999
With the funding for CRUS coming to an end in 1988, research on user studies followed new directions, which were to build on the body of knowledge and experience that had accumulated over the previous period. The research over the next 10 years was to raise different research questions and address more fundamental issues regarding the development of an appropriate paradigm for conducting user-based studies. The research activities of Wilson and Ellis, on the one hand, focussed on generating models of information seeking and that of Ford, on the other hand, was concerned with the exploration of cognitive aspects of that behaviour. attempted to define and differentiate the concept of information needs from that of information seeking [16] . He observed that user studies to date had primarily paid attention to how user sought information but had ignored why they did so and what use they made of the information found. He went on to argue that a holistic view of the information user was required which explored the role of information in a user's everyday life and work. To achieve this goal he states 'to uncover the determining factors of behaviour we must do so by first undertaking in-depth studies of well-defined categories of persons, developing explanatory concepts and then testing these concepts in related but different settings'. The model put forward by Wilson presented information behaviour in the context of an individual's environment, social role and physiological, affective and cognitive needs, and regarded information-seeking behaviour as being dependent or overcoming corresponding personal, role-related and environmental barriers.
Building models of information behaviour
The model served to highlight both the behavioural and organizational contexts of information seeking and to take account of the factors influencing them, including all types of information resources and information transfer mechanisms. Wilson later described the model as a macro-model, which could suggest testable hypotheses on information behaviour [17] . Although the model was generally informed by previous empirical studies, it is an apriori conceptual or theoretical model that identifies the essential elements (i.e. information need, information seeking, information exchange and use). Wilson's general model thus provided a useful initial mapping of the research terrain for subsequent empirical exploration.
Ellis's model 1989. Ellis's model by contrast was directly derived from empirical research and focussed on the detailed processes of information behaviour to detect common information-seeking patterns [18] . He identified six characteristics or searching features including starting (initial search activity), chaining (following up citations), browsing (semi-directed or semi-structured searching), differentiating (filtering sources or content), monitoring (searching to keep up to date), extracting (identifying and selecting relevant material), verifying (checking for accuracy or omissions) and ending (tying up loose ends). Although the model seemingly encompassed a staged process, other than starting and ending, no set sequence for the different stages was implied and not all individual features would necessarily be present in actual information seeking. As suggested by Wilson, the explanatory concepts were then further tested in follow-up studies of academic researchers in the physical sciences and of engineers and research scientists in an industrial environment [19, 20] . Minor variations in information-seeking patterns were detected, such as the prominence of a search strategy at a particular stage of research, but no fundamental differences in information-seeking behaviour were revealed. This confirmed the robustness of the model in identifying generic features of information-seeking behaviour at least for these categories of information searchers.
In addition to the actual model generated, Ellis's work was also significant because of the methodological approach adopted to derive the model. Influenced by Wilson's 1981 paper advocating the use of qualitative research to develop concepts for user studies and by the seminal ARIST review by Dervin and Nilan [21] on the need for a paradigm shift for conducting empirical research, Ellis turned to Glaser and Strauss's [22] grounded theory approach, a well established inductive method for generating theories and models in the social sciences. The aim was to derive a more accurate model of information-seeking patterns from empirical data. The application of the approach is clearly described by Ellis in a paper on the application of grounded theory [23] . The key was to use informal semi-structured interviews whereby the interviewer follows an interview guide to cover all the issues to be addressed but has the freedom to explore and probe those issues as appropriate with different interviewees. The approach was detailed as follows:
The intention was for the researchers to talk about their work and the sorts of things they did that might be understood as having an information component, not for them to end up talking rather artificially about their 'information-seeking behaviour' or some other such abstraction or to talk in isolation about their use of the library [23, p. 475] .
The method of analysis and coding of the transcripts is also vital. A constant comparative approach is used consisting of four stages: recording incidents of each category; determining properties of categories; differentiating between core and subsidiary categories; and finally deriving a coherent model based on the overall relationships between the categories. Grounded theory has been used in a number of other Sheffield doctoral projects investigating the communication and use of information of different groups in different environments including farmers [24] , managers [25] , Approaches to user-based studies dentists [26] and health workers [27] . The method has proven to be a reliable and fruitful way of handling data analysis and has contributed to establishing the validity of qualitative methods for user-based studies.
Wilson [28] . This is a good example of how empirical models can inform and also accommodate theoretical models and vice versa. The original model was then further elaborated and refined in a new version in 1996, which drew on other information-related theories in the social sciences, e.g. communication, decision-making and psychology [29] . Starting with the same basic element of context of information needs, the barriers are now described as intervening variables which are explicitly specified, e.g. psychological, demographic, environmental, source characteristics, and serve to emphasize both their supportive or inhibiting roles in information seeking. Information-seeking behaviour is also further differentiated into different types to include, passive and ongoing searching in addition to the category of active searching, which now replaces Ellis's more detailed model. Lastly, two other more dynamic components are introduced to complete the model, namely activating mechanisms, e.g. stress/coping theory, social learning theory and information processing and use. These constitute the underlying drivers, which motivate or inhibit searching activity and the feedback loop relating outcomes to meeting information needs. This more complete model is still described by Wilson as a macro-behaviour model, and he claims in a later comprehensive review of information behaviour models that it can provide a richer source of hypotheses and potential for setting a research agenda than the previous versions [17] . In exploring the relationship between different types of models, he reasserts the important distinction between information-seeking behaviour models in the context of the broader information environment and models of information searching from the perspective of an information retrieval (IR) system, e.g. models of the IR interaction process proposed by Belkin [30] , Ingwersen [31] , Saracevic [32] and Spink [33] . He thus arrives at a classification of three different types of models forming a single nested concentric hierarchical model representing three related research areas. The representation incorporates the overall environment of information behaviour in the outer circle, general more passive information-seeking behaviour in the middle circle and more specific or active information searching in the inner circle.
In an attempt to integrate the various models previously proposed, Wilson finally offers a unified problem-solving model of the information seeking and searching process. Based on the notion of uncertainty and problem resolution, information-seeking behaviour is viewed as a goal-directed process that progresses through different stages to arrive at a solution. Four stages are identified in uncertainty resolution: problem identification, problem definition, problem resolution and possible solution statement. Whilst the successive stages should lead to the resolution of more and more uncertainty, failure to do so would result in feeding back to the previous stage and further iterations between stages. Wilson also points out that the notion of partial relevance supports the concept of uncertainty resolution.
Cognitive aspects of information behaviour
A second line of enquiry in this third phase of userbased studies focused on cognitive aspects and individual user characteristics of information behaviour. The relationship between information needs, information and study skills and effective learning in an educational setting was explored in several papers and preliminary studies by Ford in the early 1980s [34] [35] [36] [37] [38] . Ford was directly influenced by the emerging theories in cognitive science as they related to information processing and knowledge acquisition more generally as well as their applicability to human interaction with actual information systems. The role and relationship between the physical Cranfield system-based paradigm and the more recent user-based cognitive paradigm in information retrieval research was the subject of a discussion paper by Ellis [39] . In this paper he argues the case for the development of techniques for modelling the cognitive world of users as part of the retrieval interaction.
Building on early studies, Ford and his colleagues conducted three empirical studies that explored the correlation between cognitive and learning styles and information access and searching behaviour [40] [41] [42] . Based on constructs developed by educational psychologists [43, 44] , the studies found that searchers with a global comprehension-learning field-independent style adopted a broad more holistic strategy to searching. By contrast those with an operation-learning field-dependent and procedural style adopted a serial-
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Another Internet-based study revealed strong gender differences in searching behaviour [45] . Poor retrieval and negative perceptions of Internet searching were associated with females who had feelings of not being in control, of not being able to avoid irrelevant material and of finding the Internet too unstructured. By contrast browsing was much more appealing to men, whereby they were happy to plough through material and pursue personal interests without any specific purpose or goal in mind. Browsing and a broad approach to Internet exploration also correlated with a holistic cognitive style, whereas keyword searching and a more structured approach was associated with an analytic cognitive style.
Role and significance of a research framework for user studies
The framework for user studies research developed in this third phase serves different purposes. Firstly, it not only differentiates more clearly between different contexts, purposes and types of user-based studies but also provides a continuum for conducting investigations into different levels of information activity and for taking into account different levels of abstraction. Secondly, a key characteristic of such information behaviour frameworks (the layered model proposed by Saracevic [32] and Ingwersen [31] and the onion model developed by Rasmussen et al. [46] are other examples), is the interdependency between the different components or layers whereby the interaction between the component parts can become the focus of the research.
Thirdly, the building of models is a methodological approach widely adopted in the social sciences to help the understanding of complex social and behavioural phenomena. The approach adopted here draws on other areas of social sciences both in terms of the use of theoretical underpinnings and constructs and in the application of analytical methods for interpreting observed behaviour and techniques for testing contributory factors. Another important feature is the cyclic process of the model building. Initially the theoretical model is partly informed by empirical evidence. The proposed model is then tested by more empirical studies, which in turn can further enrich the original model and lead to the generation of other hypotheses to be tested.
Finally and more importantly, the motivation in developing a comprehensive framework for information behaviour research was to provide an alternative paradigm to that adopted in information retrieval research, which would offer more insight on how to improve and build better systems. Although some behavioural features have been observed in initial studies, it has proven to be much more difficult to identify contributory factors or explanations for these behavioural characteristics or to determine how they can inform actual systems design. Thus the next phase of user studies was to concentrate more specifically on information behaviour in the context of computerized information systems.
Fourth phase: bridging the gap between information seeking and retrieval research, 2000 and beyond
Having established a theoretical framework over the past decade, more recent and current work in information behaviour at Sheffield has moved on to encompass two related lines of enquiry. The first is concerned with undertaking empirical studies of searching behaviour in different online environments to provide more robust user models to inform the design of more effective systems. The second is concerned with developing ways of involving users in the design and evaluation of advanced experimental IR systems. This dual approach reflects the argument put forward by Ford [47] for the need for greater integration between user and system-orientated research both in terms of methodological approach (qualitative and quantitative) and research focus (user and system).
Empirical studies of interactive searching behaviour
Unlike a previous study which looked at the characteristics of users searching the World Wide Web, a second web-based investigation led by Ford [48] sought to correlate search strategies with retrieval performance or relevance scores, and in particular to Approaches to user-based studies compare the effectiveness of Boolean vs best-match retrieval vs a combination of the two approaches. Subjects were assigned both a fact-based finding task and a research-based searching task and multiple regression and factor analyses were applied to the logged queries and searches to determine correlations between variables and cause and effect relationships. The results revealed that Boolean retrieval performed worse than best match or a combination of the two and that there was no evidence that the query terms in themselves were a contributory factor.
Assigned searching tasks or topics were also used in another experimental study which examined searching behaviour in the context of the TREC-8 interactive track and considered the correlation between three variables: searcher, system and task characteristics [49] . Two versions of the Okapi best-match experimental retrieval system were used, one with relevance feedback and one without. Both qualitative and quantitative data was collected using a combination of methods including observations, verbal protocols, transaction logs, questionnaires and structured post-search interviews. Search analysis revealed that searching behaviour was largely dependent on topic characteristics. The study differentiated between complex and simple topics and associated searching according to the level of search uncertainty and searcher engagement with the different topics. Overall best match ranking led to high precision searches and those that included relevance feedback were marginally but not significantly more effective.
A third extensive and complex study led by Wilson aimed to explore interactive searching and changing information-seeking behaviour in the context of mediated online searching. Building on his Problem Solving Model discussed at the end of Section 4.1, the study also draws on concepts derived from both IR and information behaviour research to establish a theoretical framework for the empirical investigation. Thus the stated objective is to 'characterize the progressive changes that occur in users' information seeking and searching processes, including: user situational context; user information problem; uncertainty reduction; cognitive and affective states of users over successive searches, and consequently in their queries and cognitive styles' [50] .
The results of the study are reported in a five-part series of papers covering the theoretical framework and research design, uncertainty and its correlates, successive searching, cognitive styles in information seeking and user-intermediary interaction. The main findings indicate firstly that the problem solving model and the concept of uncertainty was recognized by searchers for reporting progress in their research and that uncertainty is related to the problem stage and domain knowledge [51] . Secondly, successive mediated searches often involved a refinement over previous searches but precision did not necessarily increase and the number of items judged as partially relevant was substantially reduced [52] . Thirdly, searcher cognitive styles were correlated with their perceptions of aspects of their problem solving and informationseeking behaviour and with those of the search intermediaries carrying out the searches and confirmed previous findings regarding global field-dependent holist researchers and field-independent serialist researchers [53] . Lastly, interaction between researchers and search intermediaries in the pre-search interview and during online searching was deemed helpful in identifying search terms, and influenced users' perceptions of the information problem, personal knowledge and relevance judgements [54] .
Although information seeking and searching and information retrieval research in practice have been the concerns of separate research communities, the above studies clearly demonstrate that these areas address interdependent issues. Beaulieu argues that interaction is the common element which links them together [55] . She identifies three aspects of interaction. Task interaction relates to different interconnected activities or tasks, i.e. problem definition, query formulation etc., which can be undertaken in a sequential or iterative fashion. Interaction can be viewed as task sharing, whereby both user and system play active and/or passive roles in performing different activities in the search process. Interaction can also be defined in terms of the user interface and as a discourse or user dialogue that enables task sharing.
By identifying cognitive and affective factors, common characteristics across different experimental settings as well as correlations between different variables, these studies on searching behaviour are starting to reveal new insights into the nature of interaction. However much more research is required to develop our general understanding of information behaviours and interaction in order to fully inform on system design. In addition the development of appropriate experimental designs for interactive empirical studies is also of particular importance. For example greater consideration needs to be given to the relative merits of laboratory vs operational settings, simulated vs real search tasks, and how to combine quantitative and qualitative methods for data collection and analysis. 
User-centred design and evaluation of advanced interactive information retrieval systems
In parallel to the more in-depth observational studies of interactive searching on current operational systems, work is also being carried out into the design of advanced retrieval systems which directly take account of users. User participation in the design process is achieved in a series of steps. In the first place field studies are carried out to establish how users undertake particular information-seeking or search tasks in actual work contexts and in using current technology and services. The main approach is to draw up work task scenarios through a combination of data collection methods to assist in defining user requirements for the initial specification of the user interface for the proposed new system. The work task scenarios are then transformed into discreet screen mock-ups, which are assessed by the users before the initial system prototype implementation.
The main challenge in designing the user interface is to represent the underlying functionality of the system in such a way as to enable the user to undertake what is essentially a complex cognitive task in an uncomplicated intuitive manner. Hence the goal of the initial prototype is to explore and start defining the system/ user interaction for the whole search process. This is an iterative process which aims to resolve the conflict or tension between functionality and usability, effectiveness and efficiency. The gradual refinement of the user interface design and interaction is thus achieved through successive formative user evaluations or usability tests, usually involving a small number of users and focusing on specific aspects of the design. The process may lead to one or more completed prototypes, which then undergo a summative or comprehensive evaluation in a more formal userexperiment based on a larger sample of users.
This approach to user-centred design has recently been adopted in two major collaborative projects to design advanced information systems for specific user groups. The first was concerned with the design of a current awareness service, which would alert users in the pharmaceutical industry of drug approval decisions following clinical trials [56] . The system applied information extraction (IE) techniques to produce summaries of news items relating to drug approval events and track them chronologically and geographically. The prototype was evaluated from both a system and user perspective. The former measured the effectiveness of the information extraction methods using standard quantitative scores of precision and recall.
The latter applied a qualitative approach and took account of the completeness and accuracy of the summaries as assessed by users. The diagnostic analysis on the reliability of the summaries provided some indication, on the one hand, of what level of accuracy could be tolerated by users, and on the other hand, what extraction rules should be refined to improve performance.
The second ongoing project is developing a crosslanguage information retrieval system (CLIR) with participation from journalists and translators from two media organizations [57] . The system draws on dictionary resources to translate queries from one language to another using English as a pivot language to retrieve news items from databases in multiple languages. A field study indicated that potential users of the system are polyglots who may combine different languages to generate queries and wish to search different databases in parallel. Initial usability tests have compared the acceptability and effectiveness of displaying translated query terms prior to or after the system has undertaken a search on a translated query as well as different ways of displaying ranked retrieved sets in multiple languages. Clearly the successful design of such complex interactive systems could not be achieved without the close involvement of actual users.
Conclusions
The approach to user-based studies in the Department of Information Studies at Sheffield has evolved to form a continuum linking together studies on information use and provision, information-seeking behaviour and the design and evaluation of actual retrieval systems. The principal unifying element in the development of the research agenda over this long period of time has been the emphasis placed on methodological issues. This includes: the development of a variety of both qualitative and quantitative methods and combined instruments for collecting and eliciting information from users; the importation of theoretical concepts and constructs from other areas in the Social Sciences into the information discipline; and the interplay between theory and evidence in the theoretical underpinning of empirical investigations.
The primary motivation for undertaking user studies research was to focus on user information needs and user seeking behaviour as an independent area of research in its own right. This was largely in response to the inadequacy and limitations of the systems Approaches to user-based studies approach of information retrieval research. However it would appear that more recent work over the past five years or so has started to transcend the respective userorientated and system approaches. As more aspects of information seeking and richer information tasks are being developed in online environments, the boundaries between information seeking, searching and retrieval are breaking down. This is thus giving way to a more integrated approach and emergent interaction paradigm for user studies.
